ABSTRACT
Introduction
Recent epidemics of diphtheria in successor countries of the former Soviet Union have drawn attention to this once forgotten disease [1, 2] . Also reports from developing countries suggest changes in the epidemiology of this disease, as now diphtheria occurs in outbreaks with high case fatality rates and complications [3] .
The incidence of tetanus has decreased considerably in industrialized countries, but it remains rather common in many developing countries where the heaviest burden is borne by neonates, and children or young adults up to the age 20 years [4] .
India is a representative example. A teaching hospital in Assam reported 101 cases of diphtheria in a 5-year period of 1997-2002 [5] . Also in a tertiary care hospital in north India [6] , diphtheria has reappeared. In fact, globally there were 7088 cases of diphtheria in 2008 [7] , out of which 6081 cases were in India (86%) [8] . Regarding tetanus, reports show that tetanus continues as a problem in India [9] . In fact, 22% of the total tetanuscases in the world in 2008 were from India (3714 out of 16628 cases) [7, 8] .
The World Health Organization (WHO) recommends three doses of triple diphtheria-tetanus-pertussis vaccine (DTP) at age of 6, 10 and 14 weeks, followed by a booster in the second year of life. To maintain the protection, a second booster of diphtheria-tetanus (DT) vaccine is recommended [10] at the preschool age of 4 to 7 years.
The Indian Universal Immunization Programme (UIP) follows the recommendation [11] , although susceptibility of this age group has not been determined. Therefore, we carried out a study in which the true need for the DT booster for the pre-school children in India was investigated.
Subjects and Methods

Set up
The study was performed at the Immunization Clinic of the Jalna Mission Hospital, Jalna, India. The parents/ guardians were informed about the study, and those willing to participate gave their consent in writing. Children of 4 to 6 years of age with documented history of four timely doses of DPT vaccine given previously, and thus being eligible for the second booster, were screened. After checking eligibility of the child, a blood sample was taken for serology, and DT vaccine was administered intramuscularly in the right deltoid area. A second blood sample was collected 28 days after vaccination.
Children with known immune system disorder, malignancy or receiving immunosuppressive therapy or blood products within the previous 3 months were excluded from the study, as were those with a chronic disease, neurological disorder, allergy to any vaccine component, or history of serious adverse event following DTP vaccination.
Vaccine
Each 0.5 ml dose of the DT vaccine, manufactured by Serum Institute of India Ltd, Pune (Batch No: DT 108-ZA [I.P.]; expiry date: April 2009), contained ≤ 25Lf (≥30 IU) of diphtheria toxoid, and ≥ 5 Lf (≥40IU) of tetanus toxoid, adsorbed in ≥ 1.5 mg of aluminum phosphate (AlPO4), with 0.01% of thiomersal as a preservative. The vaccine was stored at +2℃ to +8℃. Storage temperature was monitored every day.
Serology
The blood samples were collected aseptically, and after centrifugation at 3000-5000 rpm, sera were stored in liquid nitrogen and shipped to Sahyadri Hospital, Pune for testing. All samples were stored at -20℃.
Anti-diphtheria and anti-tetanus antibodies were measured with the enzyme-linked immunosorbent assay (ELISA) using commercially available kits from Virion/ Serion Classic (Germany).
Protection from disease was estimated by using the following cutoff levels of specific IgG antibodies: For diphtheria, < 0.01 IU/ml (no protection), 0.01 -< 0.1 IU/ ml (minimal protection),  0.1 IU/ml (safe protection) and > 1.0 IU/ml (long-term protection). The same for tetanus was < 0.1 IU/ml (no protection),  0.1 IU/ml (sufficient protection) and > 1 IU/ml (long term protection). In GMT calculations, all negative values were assumed to be zero and were excluded from analysis.
Safety Evaluation
Vaccinees were closely monitored for 15 minutes for any immediate adverse reaction. For later potential event, the parents/guardians were trained by the site personnel to document those in diary cards, which they obtained from the vaccinator. During the next 28 days, the child was asked to attend a visit three more times. At each visit, the history of adverse events and concomitant medications was taken, data from the cards were collected, and a general physical examination was performed. The most relevant local (pain, redness, swelling, and nodule) and general reactions (fever and malaise) were specifically solicited in 7 days following vaccination, but the parents were requested to contact the study staff immediately should any serious adverse event occur during the study period. All adverse events, including solicited reactions, were graded for severity based on pre-defined criteria as 1 (mild), 2 (moderate) and 3 (severe).
A serious adverse event (SAE) was defined as one, which resulted in death, was life threatening, required hospitalization or prolongation of hospitalization, caused persistent or significant disability or incapacity, or was otherwise medically important. Medical judgement was used for causality assessment.
Statistical Analysis
Number of subjects with different levels of anti-diphtheria and anti-tetanus antibodies was expressed in number (n) and percentages (%). Pre-and post vaccination seroprotection rates were compared using 'Z' test. Wilcoxon's Signed Rank test was used to compare the pre and post-vaccination geometric mean titres (GMTs). Exact Binomial 95% Confidence Interval were calculated for pre-and post vaccination seroprotection rates, GMTs and percentages of adverse events. All P values ≤ 0.05 were considered significant. Adverse events were analyzed on the intention-to-treat (ITT) basis, whereas the serological data were analyzed as per protocol.
Ethical Aspects
All study documents were approved by the Ethics committee of Sahyadri Speciality Hospital Pune. The study was conducted according to the principles of the Declaration of Helsinki, International Conference on Harmonization Good Clinical Practices guidelines, and the regulatory and ethical guidelines of India.
Parents/guardian were given an information sheet and consent form in Marathi and Hindi languages. After reading the sheet, approval was given by signature. The study doctors answered to all potential questions.
Results
Of the total of 244 children primarily enrolled in the study, 21 subjects were inappropriately enrolled, and 3 subjects withdrew from the project. Eleven serum samples were lost by leakage or breakage of tubes. As one of the lost samples was of a withdrawn subject, 210 children were finally analyzed.
The gender distribution was even, the mean age was 5 years, and the mean height and weight was 102 cm and 18 kg, respectively.
Initially, 30% of the subjects were not adequately protected against diphtheria, because 18% were deemed susceptible and 12% had minimum protection. (Table 1) Against tetanus, 14% of subjects were not protected at all. ( Table 2) .
The DT booster elicited seroprotection against diphtheria in 98% of the subjects, and against tetanus in all subjects. (Table 1, 2 ) When examined proportionally, the change was highly significant (p < 0.05) for both antibodies. (Table 3 ) Post vaccination GMTs were significantly higher as compared to pre-vaccination. (p < 0.05) ( Table 4) .
Our safety ITT analysis on 223 vaccinees found pain in 42%, redness ( 25 mm) in 29%, and swelling ( 35 mm) in 30%. Most reactions were mild in severity and lasted for 1-2 days. Fever was reported in 4% of subjects, temperature ranging from 38 to 39 °C. Fever lasted 1-5 days. A few vaccinees were treated with paracetamol. All reactions resolved without sequelae. (Table 5) Some unsolicited adverse events were also reported. Weakness, giddiness, rash, enteric fever, anemia and worm infestation were observed in one subject each, three children vomited, and signs of an upper respiratory tract infection were observed in nine vaccinees. Cold was observed in two cases, cough and cold in three cases and cough in four cases. All these events were taken as causally unrelated to the vaccine. A 5year-old male child was hospitalized 8 days post-vaccination due to fever. Widal test disclosed enteric fever, and an antimicrobial medication led to full recovery. This case, too, was deemed unrelated to vaccine.
Discussion
Large-scale vaccinations against diphtheria in early in- fancy decreases the extent to which toxigenic Corynebacterium diphtheriae circulate in community. Thus, the opportunities for natural boosting decline, which leads to lowering antibody titres in older children and adults. Serological studies from the 1980s indicated that, with increasing age, a high proportion of individuals become susceptible to diphtheria. On the other hand, the herd effect due to high vaccination coverage (> 70%) in the juvenile population may in part explain why diphtheria outbreaks are relatively rare [3] . In our study, 30% of children turned out to be inadequately protected from diphtheria and 14% were susceptible to tetanus after four doses of DTP. Thus, a booster dose at pre-school age is unquestionably indicated for this age group in India, and most likely elsewhere in the developing world. Though primary immunization against diphtheria and tetanus is supposed to give a long -lasting immunity, it does not give full protection. Outbreaks of mild diphtheria can occur among highly vaccinated persons living in crowded conditions with intense exposure [12] . Very rarely, tetanus has been reported in persons who had received primary immunization [13, 14] . This underlines the need for booster doses as confirmed by our study. Our results on diphtheria agree with those from Thailand where, despite infant immunization coverage exceeding 90%, diphtheria still occurred throughout the 1990s primarily in children < 15 years old. The reason was obvious: no less than 25% of adults at age 20 -39 years and 14% of adolescents aged 10 -19 years lacked diphtheria antibodies [15] . In Thailand, susceptibility to diphtheria accumulated in these younger age groups, whereas in Brazil [16] a study examining the population across all ages showed an inadequate protection in 16% of the study subjects. For tetanus, the proportion was 21%. These results suggest that DT boosters are likely needed throughout adult life. In many countries (e.g. Finland), a booster for decades has been recommended at ten-year intervals.
The coverage with three doses of DTP as a part of primary immunization in India is just 62% [8] . The countrywide figures for coverage with a DTP booster in the second year of life and DT boosters during the preschool age are not available but one can recognize that it must be below the DTP3 coverage. In a study in the city of Hyderabad, the coverage for primary vaccination, fourth, and fifth (DT) doses was 90%, 60%, and 33%, respectively [16] , clearly demonstrating that the coverage goes down for the DT booster. The coverage becomes of paramount importance since India contributes 86% and 22% of global cases of diphtheria and tetanus, respectively [7, 8] .
The DT booster proved highly immunogenic and sufficiently safe in virtually all vaccinees. Our results coincide with those reported from other studies [17] [18] [19] .
Keeping in mind a substantial proportion of susceptibles for diphtheria and tetanus in fully vaccinated preschool age children in our study and inadequate coverage of the booster, there is a strong need to create public awareness on the importance of the booster vaccination. This is especially true since India has a large number of diphtheria and tetanus cases.
